A temperature-sensitive mutant of Sendal virus with a lesion in the haemagglutininneuraminidase protein (HN) (ts 271) was used to study the effect of HN cell surface expression on the fate of infected BHK-21 cells. The total amount of HN was reduced in ts 271 virus-infected cells at the non-permissive temperature (38 °C) presumably due to degradation of the protein. At this temperature, neither HN nor a modified form of HN were found expressed at the surface of the infected cells. BHK-21 cells infected with ts 271 were nevertheless killed by the infection at 38 °C as well as at 30 °C. These results ruled out the hypothesis that the lack of HN cell surface expression could be the unique requirement allowing BHK cell survival.
INTRODUCTION
Many RNA viruses can establish long-term persistent infection in tissue culture (for review, see Youngner & Preble, 1980; Holland et al., 1980) . Among these viruses, Sendal virus, a member of the Paramyxoviridae family, is unique in that it can induce two types of infection involving the majority of the cells. It can either destroy all the infected cells after standard virus infection or allow almost 100% of the infected cells to survive and establish a long-term persistent infection. In the latter case, the importance of Sendal virus defective interfering (DI) particles and genomes has been recognized (Roux & Holland, 1979 .
In an attempt to understand the mechanisms leading to survival of the infected cells and establishment of persistent infection, comparison of standard, standard plus DI (mixed) and persistent virus infections has been made using BHK cells (Roux & Waldvogel, 1981 , 1983 Roux et al., 1984 Roux et al., , 1985 . These studies led to the conclusion that the viral glycoproteins were differentially expressed at the surface of the infected cells depending on the type of infection. Sendal virus lytically infected cells express the two viral glycoproteins, HN and F0, at their surface. These proteins form the spikes seen in the virus envelope (Choppin & Compans, 1975) . On the other hand, HN cell surface expression was shown to be significantly reduced at the surface of the mixed virus-infected cells, and also was absent at the surface of the long-term persistently infected cells (Roux & Waldvogel, 1983; Roux et aL, 1984 Roux et aL, , 1985 . Therefore, it was reasonable to assume that lack of insertion of HN in the cell membrane may have abolished the cytopathic effect (c.p.e.) produced by Sendal virus.
To test this hypothesis, we made use of a temperature-sensitive mutant of Sendal virus (ts 271), which possesses a heat-unstable haemagglutinin. This mutant was reported to produce a reduced c.p.e, in cultures of chick embryo lung (CEL) cells at the non-permissive temperature (Portner et al., 1975) . Therefore, in the present study we infected BHK-21 cells with ts 271 in the absence of DI particles and showed that at the non-permissive temperature no HN protein was exposed at the BHK cell surface. Under these conditions, infected BHK cells exhibited a pronounced c.p.e, and died as if infected with standard virus. 0000-67500 1985 SGM c. TUFFEREAU, A. PORTNER AND L. ROUX METHODS Cells and virus. BH K-21 and LLC-M K2 cells (American Type Culture Collection) were routinely used. Stocks of standard Sendal virus, Harris strain, were prepared as described previously (Roux & Holland, 1979) . Mutant ts 271 Sendal virus was obtained as described previously (Portner et al., 1974) . For the present study, it was plaquepurified three times consecutively to establish DI-free stocks (see Results). DI-free stocks contained 4 x 109 p.f.u./ml when titrated at 30 °C (plaque size 3 to 4 mm); at 38 °C the titre was tenfold lower and the plaques measured 1 mm in diameter. Plaque assays were done by the method described by Sugita et al. (1974) .
Heterospecific and monospecific polyelonal anti-Sendal virus serum. Anti-Sendal virus serum was prepared as described previously by injecting whole disrupted purified virus grown in embryonated eggs into a rabbit (Roux & Holland, 1979) .
Anti-Sendal HN and F 0 rabbit sera were prepared as follows: purified egg-grown Sendal virus was disrupted in Laemmli buffer and viral proteins were separated by PAGE (Laemmli, 1970) . HN and F0, localized in the gel by Coomassie Brilliant Blue staining, were excised and directly injected into rabbits as mashed homogenate three times at 2 week intervals.
Before use for immunoprecipitation, the sera were preadsorbed onto uninfected BHK-21 cells (4 x 10 v per ml) for 4 h at 4°C.
p S]Methionine labelling and iodination of the infected cells.
[3sS]Methionine long labelling, pulse labelling and iodination of BHK cells were performed exactly as described in detail previously (Roux & Waldvogel, 1982 , 1983 Immunoprecipitations. Total cell and cell surface immune precipitations using rabbit anti-Sendal virus serum were as previously described (Roux & Waldvogel, 1983) . For the total cell immunoprecipitations performed with specific anti-HN or anti-F0 sera, as these rabbit sera were raised against SDS-denatured proteins (see above), the cells were first disrupted in 2~o SDS and 1 ~ 2-mercaptoethanol, sonicated, boiled for 3 min and then diluted 40-fold with Triton-SDS buffer prior to incubation with anti-HN or anti-F0 sera and Protein A Sepharose.
RESULTS

Reduction of HN at non-permissive temperature in ts 271 virus-infected cells
The original study by Portner et aL (1975) demonstrated that CEL cells infected by Sendal ts 271 virus produced virus particles devoid of HN protein at non-permissive temperature (38 °C). The question remained whether the HN protein was synthesized in the infected cells at 38 °C, and if so, whether HN would be expressed at the cell surface.
As HN cell surface expression is affected by co-infection of standard virus and DI particles (Roux & Waldvogel, 1983 ; Roux et al., 1984 Roux et al., , 1985 , our first concern was to prepare ts 271 virus stocks free of DI particles by serial plaque purifications (see Methods), and to ensure that the viral nucleocapsids isolated from cells infected with these stocks contained only full-length genome-size RNA (data not shown).
To determine whether the ts 271 virus HN protein was synthesized at non-permissive temperature, standard and ts 271 virus-infected BHK-21 cells were labelled with [35S]methionine at either 30 °C or 38 °C, and the intracellular viral proteins, recovered by total cell immunoprecipitation using anti-Sendal virus serum, were analysed by PAGE (Fig. 1) . As expected, the pattern of the viral proteins immunoprecipitated from standard virus-infected cells was not affected by temperature (compare Fig. 1 a, lanes 2 and 3) ; by contrast, in the immunoprecipitates recovered from ts 271 virus-infected cells, the amount of HN protein was reduced (three-to fivefold depending on the experiment) at the non-permissive temperature whereas the other viral proteins stayed the same (Fig. 1, lanes 4 and 5) . Two other protein bands (X and Y) were also detected in ts 271 virus-infected cells at 38 °C (Fig. 1 b) . Protein X, migrating slightly faster than HN (lane 4), was immunoprecipitated by anti-HN serum only from ts 271 virus-infected cells at 38 °C, whereas protein Y, seen as a shoulder on the higher molecular weight side of actin, was immunoprecipitated by anti-F serum (data not shown) and presumably represented F1, the cleavage product of F0.
Two different mechanisms could account for the reduction of ts 271 virus HN protein at the non-permissive temperature: the synthesis of HN could be reduced, or HN could be synthesized normally but be unstable. To distinguish between these two possibilities, pulse-chase experiments were performed with ts 271 virus-infected cells at 30 °C or 38 °C, and the fate of ts 271 HN was followed by specific immunoprecipitation (Fig. 2) . To exclude the possibility that the ts lesion could change the recogniti0n between the H N protein and its specific antibodies by a conformational modification of the protein at non-permissive temperature, an antiserum raised against the SDS-denatured reduced protein was used in these experiments, and the immunoprecipitations were performed after SDS denaturation and reduction of the cytoplasmic extracts. F0 was similarly analysed and served as an internal control. Under these conditions, Fig. 2 shows that synthesis of ts 271 H N was as effective at 38 °C as at 30 °C, if not more so (presumably due to the higher temperature since the same observation was made for F0 protein, Fig. 2a) . HN, however, disappeared faster during the chase periods at 38 °C than at 30 °C (respectively 8~ and 50~o recovered after a 6 h chase period). During the same interval, F0 decreased at the same rate at both temperatures, if one takes into account F1 which seemed to be generated more efficiently at 38 °C than at 30 °C (see also Fig. 1) .
Lack o f H N expression at the surJace of ts 271 virus-infected cells at 38 °C
To establish whether H N was expressed at the B H K cell surface under non-permissive conditions, intact infected cells were iodinated and the amounts of radiolabelled H N and Fo were estimated by cell surface immunoprecipitation (Fig. 3) . At the surface of standard virusinfected cells, l zsI labelled H N and F0 were both detected regardless of the temperature (Fig.  3 a) . In ts 271 virus infections, however, at 30 °C 12 Si_labelled H N and Fo were easily detected at the cell surface, but at 38 °C only F0 was detected (Fig. 3b) . 
C.p.e. induced by ts 271 virus at non-permissive temperature
The characterization of ts 271 virus-infected cells presented above showed that at the nonpermissive temperature, we could test the effect of little or no H N surface expression on the fate of the infected cells. BHK-21 cells were therefore infected (m.o.i. about 40) with either ts 271, standard or standard plus DI virus and incubated at 30 °C or 38 °C to monitor the c.p.e, of the viral infections. In general, the cells were affected more at 38 °C than at 30 °C. However, this direct effect of temperature did not prevent the uninfected or standard plus DI virus-infected cells from surviving for a longer time. On the contrary, cells infected by ts 271 virus exhibited a marked c.p,e., both at 30 °C and 38 °C and behaved similarly to standard virus-infected cells. In the latter two cases, the cells degenerated completely by 40 to 50 h post-infection.
DISCUSSION
In this report, the effect of a ts mutant of Sendai virus with a defect in the H N protein (ts 271) on the fate of infected BHK-21 cells was followed.
In ts 271 virus-infected cells, the amount of HN protein was selectively reduced at 38 °C. Since no incorporation of HN protein into viral particles takes place at 38 °C (Portner et al., 1975; Markwell et al., 1985 ; C. Tuffereau, data not shown), HN was presumably degraded at the nonpermissive temperature. It is worth mentioning that in standard virus-infected cells, the stability of H N has previously been shown not to depend on the temperature (Roux & Waldvogel, 1982) .
In agreement with the intracellular reduction of HN, cell surface iodination of the infected cells showed that no HN was found expressed at the surface of ts 271 virus-infected cells at 38 °C. Infected BHK-21 cells were nevertheless destroyed by the infection under these restrictive conditions. Consequently, BHK cells did not behave like CEL cells which had been reported to survive ts 271 infection at 38 °C (Portner et al., 1975) . To ensure that a variant virus still retaining H N ts lesion but with regained ability to kill cells was not selected during the preparation of our DI-free stocks, the current viral stock was used to infect CEL cells and was found to behave like the original ts 271 in these cells (data not shown). It appears, therefore, that the cell type is important in determining the c.p.e, caused by the virus and possibly in determining the role of H N in c.p.e.
In ts 271 virus-infected cells, a new form of H N (protein X) was detected after [35S]methionine long labelling followed by total cell immunoprecipitation. Although protein X (produced by H N degradation and/or incomplete glycosylation?) was not found iodinated at the cell surface following immunoprecipitation, it may have been expressed at the surface but may not have reacted with the antibodies due to the ts defect, or because of the conditions used in immunoprecipitation. However, no putative 125i_labelled protein X was recovered either when total cell immunoprecipitation was carried out which allowed immunoprecipitation of [35S]methioninelabelled X (data not shown).
In conclusion, the hypothesis proposed in previous reports (Roux & Waldvogel, 1983; Roux et al., 1984 Roux et al., , 1985 , that lack of H N cell surface expression was sufficient to allow cell survival, was not verified. This was especially striking in this system since the reduction of H N surface expression achieved using ts 271 was more pronounced than that observed previously following mixed virus infection sufficient for complete cell survival (Roux & Waldvogel, 1983 , Roux et al., 1984 .
In the mixed Sendai virus infection as well as in persistent infection, the reduction of H N surface expression was accompanied by a reduction of H N incorporation into the virus particles produced. Along with decreased H N incorporation into virus particles, M protein was found equally reduced in these particles (Roux et al., 1984) . These data, in conjunction with the reduced M protein concentration in persistently infected cells (Roux & Waldvogel, 1982) , previously led us to postulate that the accumulation of M protein at the plasma membrane was restricted in mixed virus or persistently infected cells. Therefore, there is possibly a difference in behaviour of M protein as well as the difference in behaviour of HN at the surface of dying or surviving cells. This possibility could not apply in ts 271 infections, since no restriction of M protein incorporation into ts 271 virus particles has been observed at 38 °C (Portner et al., 1975 ; Markwell et al., 1985 ; C. Tuffereau, unpublished) . Thus, the extent of M protein incorporation into virus particles and possibly the degree of its accumulation at the plasma membrane, remain the only major differences between virus infections which lead to cell death or survival. In this respect, M protein acquires central importance in elucidating the fate of infected BHK-21 cells and experiments are currently in progress to locate M protein and define its function in the different types of infection.
Finally, in view of the recent report that the influenza virus M2 protein is a third integral membrane protein expressed on the infected cell surface (Lamb et al., 1985) , and of the finding of a small virus-coded polypeptide (SH) in simian virus 5-infected cells containing a hydrophobic region of sufficient length to anchor the polypeptide in the cell membrane (S. W. Hiebert, R. G. Peterson & R. A. Lamb, personal communication) , the possible existence of another yet undescribed viral protein in the membrane of Sendal virus-infected cells has to be considered which could play a role in the fate of the infected cells.
